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1
METHOD FOR REGENERATING EOL CELL

TECHNICAL FIELD

This application claims the benefit of priority based on
Korean Patent Application No. 10-2017-0182084, filed on

Dec. 28, 2017, and the entire contents of the Korean patent
application are incorporated herein by reference.

The present invention relates to a method for regenerating,
an end of life (EOL) cell, and more particularly, to a method

for regenerating an EOL cell without destroying or damag-
ing the EOL cell.

BACKGROUND ART

Electrical/electronic devices such as portable computers,
portable communication terminals, etc., are becoming
smaller for portable purposes together with the development
ol technologies, and secondary batteries capable of being
repeatedly charged are widely used to supply power to such
clectrical/electronic devices. Various types ol secondary
batteries are currently being researched and developed, but
the most widely commercialized products are lithium sec-
ondary batteries.

Lithium secondary batteries are not capable of infinite
charge/discharge, but are a consumable product that has a
life-span that cannot achieve the intended purpose when
exceeding a limited number of charge/discharge cycles of a
predetermined number of times which may be hundreds to
thousands of times. As such, 1n proportion to the amount of
use and the expansion of the range of use, the amount of
waste of lithium secondary batteries 1s increasing.

On the other hand, when the capacity retention rate
becomes less than 80% and reaches the end of life (EOL),
rapid capacity deterioration occurs. The biggest factor of the
deterioration may be understood as the increase 1n internal
resistance due to gas generation by side reactions. The
deteriorated cells are disposed of, or the cells are disas-
sembled to recycle their contents. Both of these methods are
ceconomically expensive. In order to solve this problem,
research on reuse of degenerated cells has been actively
conducted.

This reuse method 1volves injecting a certain amount of
clectrolyte and replemishing the lithium source to become
suitable for reuse. However, most existing methods require
the use of expensive equipment 1n a well-controlled envi-
ronment for injection, and the injection can be performed by
making a hole i the cell body or cutting the terrace of the
cell. As such, 1t 1s diflicult to actually apply the reuse
method.

DISCLOSURE

Technical Problem

Accordingly, an object of the present mmvention 1s to
provide a method for regenerating an EOL cell, which 1s a
simple and economical method, without destroying or dam-
aging the EOL cell.

Technical Solution

In an aspect, there 1s provided a cell regeneration method
for moving a gas located inside an electrode assembly,
which includes a positive electrode 10, a negative electrode
20, and a separator iterposed between the positive electrode
10 and the negative electrode 20, to an external portion of
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2

the electrode assembly by leaving an end of lite (EOL) cell
under high temperature environment of 80° C. or more for
a predetermined time while applying pressure to the EOL
cell including the electrode assembly 100.

In this case, the end of life (EOL) cell may be a cell having,
a capacity retention rate of less than 80%.
The high temperature environment may be 80 to 100° C.

The pressure applied to the EOL cell may be 2,133 psi1 to
3,535 psi.

The time for leaving the EOL cell as it 1s may be 20
minutes to 24 hours.

-

The EOL cell may be a pouch-type cell.
The cell regeneration method of the present invention
may be to apply pressure to the EOL cell by a pressurizing
11g.

In another aspect, there 1s provided a pressurizing jig for
regenerating an end of life (EOL) cell, including: a lower
frame configured to support the EOL cell; a support located
on one side of the lower frame and having a flat upper
surface having a larger area than the EOL cell; a side frame
located on one side of the lower frame and having a hole
through which a pressurizing bar penetrates; a pressurizing,
plate which 1s connected to a pressurizing bar and 1s installed
to move between the support and the side frame, and
pressurizes a front surface of the EOL cell; and a pressur-
1zing bar, which penetrates through the side frame, one end
of which 1s located at an external side of the side frame, the
other end of which 1s connected to the pressurizing plate,
and which moves the pressurizing plate in a direction of the
EOL cell to thereby pressurize the EOL cell, in which the
EOL cell 1s mounted between the pressurizing plate and the
support and 1s pressurized.

At this time, the EOL cell may be mounted on the
pressurizing jig 200 such that the electrode tab of the EOL
cell faces upward, one side of the front surface of the EOL
cell 1s 1 contact with the support, and the other side of the
front surface of the EOL cell 1s 1n contact with the pressur-
1zing plate.

In an embodiment of the present invention, the EOL cell
may be accommodated inside a chamber and sealed to create
the high temperature environment, and the chamber may
include: a temperature sensing member configured to sense
a temperature inside the chamber; and a display unit for
displaying the temperature sensed by the temperature sens-
ng.

Further, the EOL cell may be applied to any one selected
from the group consisting of a mobile phone, a portable
computer, a wearable electronic device, an electric vehicle,
a hybnd electric vehicle, a plug-in hybrid electric vehicle,
and a power storage device.

Advantageous Ellects

According to the present invention, cells can be regener-
ated 1n a simple and economical manner without destroying
or damaging the EOL cells.

Furthermore, it can be applied to a pack or module unit
extended more than a cell.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings, which are attached to this speci-
fication, illustrate preferred embodiments of the present
invention, and together with the contents of the present
invention, help a better understanding on the technical spirit
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of the present mnvention. Hence, the present invention should
not be interpreted to be limited to the matters described in

such drawings.

FI1G. 1 1s a view schematically showing that gas 1s formed
in an electrode assembly 1nside an end of life (EOL) cell.

FIG. 2 1s a view schematically showing a state in which
a gas has moved to the outside of the electrode assembly
after going through the cell regeneration method according
to an embodiment of the present invention.

FIG. 3 1s a graph showing an increase in the capacity
retention rate of a cell after going through the cell regen-
eration method according to an embodiment of the present
invention.

FIG. 4 1s a graph showing a capacity retention rate after
turther 200 cycles after going through the cell regeneration
method according to an embodiment of the present inven-
tion.

FIG. 5 1s a graph showing a capacity retention rate after
turther 200 cycles after going through the cell regeneration
method according to another embodiment of the present
invention.

FIG. 6 1s a graph showing an increase in the capacity
retention rate of a cell after going through the cell regen-
eration method according to a comparative example.

FIGS. 7 and 8 show states before/atter the pressurizing of
the pressurizing j1g according to an embodiment of the
present mvention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Hereinafter, the present invention will be described in
detail with reference to the drawings. The terms and words
used 1n the present specification and claims should not be
construed as limited to ordinary or dictionary terms and the
inventor may properly define the concept of the terms 1n
order to best describe 1ts invention. The terms and words
should be construed as meaning and concept consistent with
the technical idea of the present invention.

Accordingly, the embodiments described 1n the specifi-
cation and the configurations described 1n the drawings are
only the most preferred embodiments of the present inven-
tion, and do not represent all of the technical ideas of the
present invention. It 1s to be understood that there may be
various equivalents and variations in place of them at the
time of filing the present application.

FIG. 1 1s a view schematically showing that gas 1s formed
in an electrode assembly 1nside an end of life (EOL) cell, and
FIG. 2 1s a view schematically showing a state in which a gas
has moved to the outside of the electrode assembly after
going through the cell regeneration method according to an
embodiment of the present invention.

Referring to FIGS. 1 and 2, according to a cell regenera-
tion method according to the present invention, an end of life
(EOL) cell 1s left alone under a high temperature environ-
ment of 80° C. or more while pressure 1s applied to the EOL
cell including an electrode assembly 100 including a posi-
tive electrode 10, a negative electrode 20, and a separator
interposed between the positive electrode 10 and the nega-
tive electrode 20, to thereby gas 40 inside the electrode
assembly 100 to the external side of the electrode assembly
100. For example, after mounting the EOL cell to the
pressuring jig, the cell can be regenerated by leaving the cell
in a high temperature chamber set to a specific temperature
for a predetermined time.

In this case, the end of life (EOL) cell may indicate a cell
having a capacity retention rate of less than 80%. The EOL
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cell 1s a secondary battery, preferably a lithium secondary
battery, used 1n a mobile phone, a portable computer, a
wearable electronic device, a tablet PC, a smart pad, a
netbook, a LEV (Light Electronic Vehicle), an electric
vehicle, a hybnd electric vehicle, a plug-in hybrid electric
vehicle, and a power storage device, etc., and the capacity
retention rate may be less than 80%, preferably less than
715%. However, the present invention 1s not limited to this
example, and when applied to a device or apparatus using
such a battery, any battery showing the capacity retention
rate that can no longer function as a power supply unit due
to repeated cycles can correspond to the EOL cell of the
present application.

The cell reaching the end of life (EFOL) shows rapid
capacity deterioration. Herein, the biggest factor 1s the
increase 1n internal resistance due to gas generation inside
the electrode assembly due to side reactions. According to
the present invention, by leaving the EOL cell 1n a high
temperature, high pressure environment for a certain time,
the side reaction gas located 1nside the electrode assembly 1s
moved to the outer portion of the electrode assembly,
thereby reducing the internal resistance of the cell. This
increases the capacity retention rate of the EOL cell.

Conventionally, the method of reusing an EOL cell has
been a method of damaging certamn parts of a cell and
re-injecting the electrolyte by using expensive equipment in
a well-controlled environment, but according to the present
invention, the cell 1s not destroyed or damaged and cells can
be regenerated 1 a simpler and more economical way.

Herein, the high temperature environment may be 80 to
100° C. If 1t 1s less than 80° C., it 1s not suitable because the
binder component which exists in a separator part 1s not the
suitable temperature which softens, and 1f it exceeds 100°
C., there exists a possibility of electrolyte solution decom-
position and shrinkage of a separator, which 1s not suitable.

The pressure applied to the EOL cell may be 2,133 psi1 to
3,555 ps1. 2,133 ps1 1s a common pressurizing condition
when a battery cell 1s mounted on a module or pack, and 1t
1s appropriate to apply a pressurizing elflect beyond this
pressure. Exceeding 3,555 psi 1s not suitable because exces-
sive pressure may be applied to the electrode assembly,
causing damage.

Further, the time for leaving the EOL cell as 1t 1s may be
20 minutes to 24 hours. If the leaving time 1s less than 20
minutes, the pressurized high temperature storage eflect 1s
insignificant and not appropriate. If the stored time exceeds
24 hours, the amount of gas generated during pressurized
high temperature storage may exceed the limit and may be
vented outside the cell case.

For reference, when venting occurs outside the cell case,
air or moisture outside the cell may penetrate 1nto the cell,
causing side reactions with the electrolyte, thereby degrad-
ing battery performance and generating degeneration of the
clectrode may. Hence, 1t 1s necessary to set the leaving time
of the EOL cell so that venting does not occur outside the
cell case.

In one embodiment of the present invention, the EOL cell
may be pressurized by a pressurizing jig.

FIGS. 7 and 8 illustrate states before/after the pressurizing
of the pressurizing j1g according to an embodiment of the
present invention. Referring to these figures, a pressurizing
11g 200 that can be used 1n the cell regeneration method of
the present invention includes:

a lower frame 210 configured to support the EOL cell;

a support 220 located on one side of the lower frame and
having a flat upper surface having a larger area than the EOL
cell;
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a side frame 240 located on one side of the lower frame
and having a hole through which a pressurizing bar 250
penetrates;

a pressurizing plate 230 which 1s connected to a pressur-
1zing bar 250 and 1s 1nstalled to move between the support
220 and the side frame 240, and pressurizes a front surface
of the EOL cell; and

a pressurizing bar 250, which penetrates through the side
frame 240, one end of which 1s located at an external side of
the side frame 240, the other end of which 1s connected to
the pressurizing plate, and which moves the pressurizing
plate 1n a direction of the EOL cell to thereby pressurize the
EOL cell, wherein the EOL cell 1s mounted between the
pressurizing plate and the support and 1s pressurized.

Referring to FIGS. 7 and 8, the EOL cell 100 1s accom-
modated 1n the space consisting of the support 220, the
pressurizing plate 230 and the lower frame 210 constituting
the pressurizing jig 200 of the present invention. In this case,
the electrode tab of the EOL cell 1s facing upward, one side
of the front surface of the EOL cell 1s 1n contact with the
support 220, and the other side of the front surface of the
EOL cell 1s 1n contact with the pressurizing plate 230.

After the EOL cell 1s mounted on the pressurizing jig 200
of the present invention, the pressurizing bar 250 1s operated
to move the pressurizing plate 230 connected to one end of
the pressure bar 250 1n the direction of the EOL cell, to
thereby allow the pressurizing plate 230 to pressurize the
front surtface of the EOL cell. The pressurizing bar 250 may
pass through the side plate 240 positioned on one side of the
lower frame 10 to move the pressurizing plate.

The pressurizing bar 250 penetrating the side plate has a
head portion protruding out of the side plate, extending from
the head portion to the inside of the side plate. Since the rest
of the body except for the head has a helical protrusion on
the surface, when the pressurizing bar 1s rotated clockwise
(counterclockwise), the pressurizing plate connected to the
pressurizing bar moves 1n the direction of the EOL cell, and
when the pressurizing bar 1s rotated counterclockwise
(clockwise), the pressurizing plate moves in the direction of
the side frame.

The side plate has a function of guiding the movement of
the pressurizing bar, and the side plate includes a through
hole penetrated by the pressurizing bar. The pressurizing bar
1s located in the through hole, and a groove corresponding
to the spiral protrusion formed in the pressurizing bar 1s
formed 1n the through hole, to thereby rotate the head of the
pressurizing bar clockwise or counterclockwise, which
allows the pressurizing bar to penetrate the side frame to
advance or retract the pressurizing plate.

Since the pressurizing plate 230 and the support 220
become 1n contact with the front surface of the EOL cell, 1n
order to eflectively pressurize the EOL cell and prevent
damage to the EOL cell, pressurizing pads may be attached
to upper portions of the pressurizing plate 230 and the
support 220, respectively. The pressurizing pad may be
made of a thermoplastic polyurethane, a natural rubber, a
synthetic rubber, a thermosetting resin, or the like, and 1s not
limited thereto unless 1t 1s deformed at a high temperature of
80 to 100° C.

In one embodiment of the present invention, 1n order to
regenerate the EOL cell, a high temperature environment 1s
required. The EOL cell 1s accommodated 1 a chamber
maintaining the temperature of 80 to 100° C., and the high
temperature environment can be created by a sealable cham-
ber.

The chamber for regeneration of the EOL cell may
include a pressurizing j1g for pressurizing the EOL cell
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inside the chamber, or a fixing unit for fixing the EOL cell,
in which the EOL cell 1s mounted on the pressurizing j1g and
pressurized, and the pressurizing jig.

The chamber may further include a temperature sensing
member configured to sense a temperature 1nside the cham-
ber in order to maintain a constant temperature; and a
display umt configured to display a temperature sensed by
the temperature sensing member.

Meanwhile, the positive electrode, the negative electrode,
the separator, and the nonaqueous electrolyte constituting
the cell of the present application may be those used in
general lithium secondary batteries.

The positive electrode may include a positive electrode
current collector and a positive electrode active material
layer coated on one or both surfaces thereotf. Herein, non-
limiting examples of positive electrode current collectors
may include foils made of aluminum, nickel, or combina-
tions thereof. The positive electrode active material included
in the positive electrode active material layer may be any
one selected from the group consisting of L1CoO,, LiNi1O,,
LiMn,0,, LiCoPO,, LiFePO,, LINIMnCoO, and LiN1,_ .
Co,M1,M2.0, (MI and M2 1s any one selected from the
group independently consisting of Al, N1, Co, Fe, Mn, V, Cr,
T1, W, Ta, Mg and Mo, and X, v and z are atomic fractions
of the elements of the oxide composition independently of
one another, 1n which 0=x<0.5, 0=y<0.5, 0=z<0.5, x+y+z=<1)
or a mixture thereot.

Further, the positive electrode active material layer may
turther 1include a conductive matenal to improve electrical
conductivity. In this case, the conductive material 1s not
particularly limited as long as 1t 1s an electronic conductive
material that does not cause chemical change 1n the lithtum
secondary battery. In general, carbon black, graphite, carbon
fiber, carbon nanotubes, metal powder, conductive metal
oxide, organic conductive maternials, and the like can be
used, and products currently available as conductive mate-
rials include acetylene black (Chevron Chemical Company
or Gulf O1l Company), Ketjen Black EC series (Armak
Company), Vulcan XC-72 (Cabot Company) and Super P
(MMM company). For example, acetylene black, carbon
black, graphite, etc. may be used.

In addition, for example, various kinds of binders such as
polyvinylidene fluoride-hexafluorofluoropropylene (PVDEF-
co-HFP), polyvinylidene fluoride (PVDF), polyacrylonitrile,
polymethyl methacrylate, styrene-butadiene rubber (SBR),
and carboxyl methyl cellulose (CMC) may be used as
binders having a function of maintaining the positive elec-
trode active material in the positive electrode current col-
lector and connecting the active materials.

On the other hand, the negative electrode 1s manufactured
by applying the negative electrode active material on the
negative electrode current collector and then drying and
pressing the current collector, and optionally, the conductive
maternial, binder, filler, etc. may be further included as
necessary.

In this case, non-limiting examples of the negative elec-
trode active material may include a conventional negative
clectrode active material that can be used for the negative
electrode of the conventional electrochemical device, and 1n
particular, lithium metal or lithium alloy, and lithium absorb-
ing materials such as carbon, petroleum coke, activated
carbon, graphite or other carbons are preferable.

The negative electrode current collector 1s generally made
to a thickness of 3 to 500 micrometers. The negative
clectrode current collector 1s not particularly limited as long
as 1t has electrical conductivity without causing chemaical
changes in the battery, and examples thereof include copper,
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stainless steel, aluminum, nickel, titanium, sintered carbon,
copper or stainless steel of which the surface has been

treated with carbon, nickel, titanium, silver or the like,
aluminum-cadmium alloy, or the like. In addition, like the
positive electrode current collector, fine unevenness can be
formed on the surface to enhance the bonding force of the
negative electrode active material, and 1t can be used in
various forms such as a film, a sheet, a foil, a net, a porous
body, a foam, and a nonwoven fabric.

Further, the separator may be made of a porous polymer
substrate, and any porous polymer substrate commonly used
in a lithium secondary battery may be used as the porous
polymer substrate. For example, a polyolefin-based porous
membrane or a nonwoven fabric may be used, but the
present mvention 1s not limited to these examples.

Examples of the polyolefin-based porous membrane
include polyethylene such as high density polyethylene,
linear low density polyethylene, low density polyethylene,
ultra high molecular weight polyethylene, and a membrane
in which polyolefin-based polymers, such as polypropylene,
polybutylene, and polypentene, are each formed alone or in
a mixture thereof.

The thickness of the porous polymer substrate 1s not
particularly limited, but may be 1 um to 100 um, or 5 um to
50 um.

The pore size and the pore rate in the porous polymer
substrate are also not particularly limited, but may be 0.001
um to 50 um and 10% to 95%, respectively.

Further, the electrolyte salt contained in the nonaqueous
clectrolyte that can be used in the present mnvention 1s a
lithium salt. Those conventionally used 1n the electrolyte for
lithium secondary batteries may be used as the lithium salt
without limitation. For example, the negative 1ons of the
lithium salt may be one selected from the group consisting
of F~, CI7, Br, I, NO;~, N(CN),~, BF,”, ClO,”, PF.",
(CE3),PE,, (CF3)3PES™, (CEF3),PE,, (CF5)sPE, (CE5)P,
CF;SO;7, CF;CF,S0;7, (CF;50,),N7, (FSO,),N™, CF,CF,
(CF,),CO~, (CF,S0.,),CH, (SF;),C™, (CF;50,),C™, CF,
(CF,),S0;~, CF,CO,”, CH;CO,”, SCN~ and (CF;CF,
SO, ),N.

As the organic solvent included in the nonaqueous elec-
trolyte described above, those conventionally used 1n elec-
trolytes for lithium secondary batteries may be used without
limitation, and for example, ethers, esters, amides, linear
carbonates, and cyclic carbonates may be used alone or 1n
combination of two or more.

Meanwhile, the EOL cell according to the present inven-
tion may be preferably a pouch-type cell, but 1s not limited
thereto.

In particular, the regeneration method according to the
present invention can be applied to a pack or module unit to
which an EOL cell 1s applied since it only needs to satisiy
a specific pressure and high temperature environment.

Hereinafter, the present invention will be described in
detail with reference to examples. However, the embodi-
ments according to the present invention may be modified
into various other forms, and the scope of the present
invention should not be construed as being limited to the
embodiments described below. The embodiments of the
present invention are provided to more fully describe the
present mvention to those skilled 1n the art.

L] "1] 1]

1. Preparation of Lithium Secondary Battery

(1) Preparation of Positive Electrode
95 parts by weight of LiN1,,,Mn,,;Co,,;0, as a positive
clectrode active matenal, 2.5 parts by weight of super P as
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a conductive material, and 2.5 parts by weight of polyvi-
nylidene fluoride (PVDF) as a binder were added to NMP as
a solvent to prepare a positive electrode active material
slurry, and then the positive electrode active material slurry
was applied on an aluminum current collector and was then
dried to thereby prepare a positive electrode.

(2) Preparation of Negative Electrode

95 parts by weight of artificial graphite as a negative
clectrode active matenal, 1.5 parts by weight of super P as
a conductive material and 3.5 parts by weight of PVDF as
a binder were added to NMP as a solvent to prepare a
negative electrode active material slurry, and then the nega-
tive electrode active material slurry was applied on a copper
current collector and was then drnied to thereby prepare a
negative electrode.

(3) Preparation of Lithium Secondary Battery

An electrode assembly having a separator (polyethylene
porous polymer substrate) interposed between the prepared
positive electrode and negative electrode 1s inserted into a
pouch-type battery case, and then the non-aqueous electro-
lyte solution (1M LiPF ., VC 1% by weight, FEC:EMC=3:7
(volume rat10)) was injected and was then completely sealed
to thereby prepare a lithium secondary battery.

2. Measurement of Battery Capacity Retention Rate
(1) Example 1

1,000 cycles of charging and discharging were performed
for the lithtum secondary battery prepared above at 0.5 C
rate and 2.5 V to 4.25 V constant current-constant voltage
(CCCV) to thereby reach EOL. The capacity and the pulse
resistance were measured at 0.5 C rate at the point of
beginning of life (BOL) (0 cycle), at the point of EOL
(1000-th cycle), and at 200-cycle intervals.

After reaching the EOL, the battery was placed 1n a
pressurizing jig, and then stored in an 85° C. environment
for 24 hours, and then again subjected to capacity check at
0.5 C rate.

The result graph 1s shown 1 FIG. 3.

Referring to FIG. 3, after pressurized and stored 1n a high
temperature environment, 1t can be seen that the capacity
retention rate 1s improved from about 70% to 80%.

Subsequently, the lithtum secondary battery after pressur-
1zed high-temperature storage was charged/discharged by
200 cycles at 0.5 C rate and 2.5 V to 4.25 V constant
current-constant voltage (CCCV), respectively, and then
capacity 1s checked and the pulse resistance was measured
at 0.5 C rate.

The result graph 1s shown 1n FIG. 4.

Retferring to FIG. 4, after 200 cycles, the capacity reten-
tion rate was about 76%, and the pulse resistance also
slightly decreased during the course of 200 cycles.

(2) Example 2

The capacity and the pulse resistance were measured at
0.5 C rate 1n the same manner as in Example 1, except that
the battery having reached the EOL was mounted on the
pressurizing jig and then stored 1 a 85° C. environment for
3 hours instead of 24 hours.

The result graph 1s shown 1 FIG. .

Referring to FI1G. 3, after the pressurized high temperature
storage for the battery reaching the EOL, 1t can be confirmed
that the capacity retention rate 1s improved from about 70%
to about 81%.
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In addition, when the lithium secondary battery after
pressurized high-temperature storage has gone through 200
cycles of charge/discharge, the capacity retention rate has
fallen from about 81% to about 65%, and the pulse resis-
tance has slightly increased.

The results show that the capacity retention rate decreases
more slowly as the cycle progresses when left 1n a pressur-
ized high temperature environment for a longer time.

(3) Comparative Example 1

The capacity and the pulse resistance were measured at
0.5 C rate 1n the same manner as 1n Example 1, except that
the battery having reached the EOL was mounted on the
pressurizing j1g and then stored 1 a 75° C. environment.

The result graph 1s shown i FIG. 6.

Referring to FIG. 6, after the pressurized high-tempera-
ture storage for the battery reaching the EOL, 1t can be seen
that the capacity retention rate increased by about 1.57%,
from about 70% to about 71.1%.

The above description 1s merely 1illustrative of the tech-
nical 1dea of the present invention, and those skilled in the
art to which the present invention pertains may make various
modifications and variations without departing from the
essential characteristics of the present invention. Therefore,
the embodiments disclosed in the present invention are not
intended to limit the technical idea of the present invention
but to describe the present invention, and the scope of the
technical 1dea of the present invention 1s not limited by these
embodiments. The scope of protection of the present inven-
tion should be mterpreted by the following claims, and all
technical 1deas within the scope equivalent thereto should be
construed as being included in the scope of the present
invention.

[Description of Symbols]

10: positive electrode, 20: negative electrode
30: separator 40: gas

100: electrode assembly 110: electrode tab

200: pressurizing jig

210: lower frame 220: support

230: pressurizing plate 240: side frame

250: pressurizing bar

The 1nvention claimed 1s:

1. A cell regeneration method for moving a gas located
inside an electrode assembly of an end of life (EOL) cell to
an external portion of the electrode assembly, the electrode
assembly including a positive electrode, a negative elec-
trode, and a separator interposed between the positive elec-
trode and the negative electrode, the EOL cell having a
capacity retention rate of less than 80%, the method com-
prising:
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placing the EOL cell 1n a high temperature environment
for a predetermined time such that venting of the gas
does not occur outside a cell case of the FOL cell, the
high temperature environment being at least 80° C.;
and

simultaneously applying pressure to the EOL cell while in
the high temperature environment.

2. The cell regeneration method of claim 1, wherein the

high temperature environment 1s at 80 to 100° C.

3. The cell regeneration method of claim 1, wherein the
pressure applied to the EOL cell 1s a pressure of between
2,133 ps1 and 3,555 psi.

4. The cell regeneration method of claim 1, wherein the
predetermined time 1s 20 minutes to 24 hours.

5. The cell regeneration method of claim 1, wherein the
EOL cell 1s a pouch-type cell.

6. The cell regeneration method of claam 1, wherein
pressure 1s applied to the EOL cell by a pressurizing jig.

7. The cell regeneration method of claim 6, wherein the
pressurizing 1g COmprises:

a lower frame configured to support an end of the EOL

cell;

a support located on a first side of the lower frame, the
support having a tlat surface configured to face a first
surface of the EOL cell, the flat surface having a larger
area than an area of the first surface of the EOL cell;

a side frame located on a second side of the lower frame
opposite the first side, the side frame having a hole;

a pressurizing bar extending through the hole of the side
frame:

a pressurizing plate directly connected to the pressurizing
bar, the pressurizing plate being movable between the
support and the side frame by movement of the pres-

surizing bar, and the pressurizing plate being config-
ured to press a second surface of the EOL cell opposite
the first surface of the EOL cell.

8. The cell regeneration method of claim 7, wherein the
EOL cell 1s mounted on the pressurizing jig such that an
clectrode tab of the FOL cell extends away from lower frame
and 1s higher than an upper surface of the support and the
side frame.

9. The cell regeneration method of claim 7, wherein
applying pressure to the EOL cell includes rotating the
pressurizing bar to move the side frame towards the support.

10. The cell regeneration method of claim 1, wherein the
high temperature environment 1s provided as a sealable
chamber, and

wherein the chamber 1includes a temperature sensor con-

figured to sense a temperature 1nside the chamber; and
a display for displaying the temperature sensed by the
temperature sensor.
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